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.“SUMMARY . . .
, .. .

. . . .
.,

Teats were’conducted In the ~&gley two-dirnensiondl
low-turbulence t-els on q ~~-inch-ohord model of’the
NACA 66(215)-116, a = 0.6 alr20il with a 0.25-chord
slotted flap. It was desired to obtain optimum flap
pivot.positions for the following conditions: (a) a
hi ~ maxlgmm lift coefficient at a high flap deflection;

f(b high lift coet’iicleqtswith reasonably low drags at
a flap deflection of 300; and (c) a positive lift
coefficient with low drags at a ne~attve angle of attack
for a flap deflection of 15°. These conditions were
determined from a consideration of the landlngj,take-off,
and strafing requirements of tk.eairplane. Two slot
entry lips were tested to find the effect of a door
which closed tke slot on the lower surface when the flap
was retracted. Flap loads were obtainad at certain
configurations and the effects of external flap hinges
and of the removal of the internal slot fairlng skin
were investigated.

,
The results showed that no single pivot posltlon

was the optimum for all of the specified conditions.
Covering the slot by a door on the lcwer surface was
found to cause lower drags at small flap deflections
than leating the slot open. One flap hinge was.found
to contribute an additional drag coefficient of 0.0002
wIW the flap retracted, based on an area equal to the “
chord squared. The removal of%he Interior slot fairlng -
skin was shown to have little or no adverse effect. . .
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At the ‘requestof-~.e Army.Alr ForcesJ Air Te&ni.cal
Service Commnd, tests were conducted in the Langley
two-dimensional-low-turbulence tunnels on a model o?
the inboard wing sectiotiof the Fleetwlngs XA-39 airplane.
The section tested was a model of the NACA 66(215 )-116,
a = 0.6 airfoil equtpped with a 25-percent-@ord
slotted flap. The object of the tests was to determine
optimum flap pivot nosltlons ~or the followlng condi-
tions: (a) a high maximum llft coefficient at a high
flap deflection; (b) big.?.?>ift.coef~icients with
.rea~onablylaw drags.at a flap deflection of 300; and }
(c) a Tosltive lift coefficient with a low drag “coeffi-
cient at a nd.qative“angleof attack for a flap.deflec- ‘
tion of 15°. Several flap pivot positions were tested
with two different slot entry Ups. One of the slot
entry Mps represented a door which closed the Slot
entry when the flan was retracted. .Short.tests were .
run to obtain data on the flap loads.at configurations
assumed to be near the optimum for each condtti,on.
Investigations were also made to f’indthe e-ffectsof
removing”the internal.slot fairi.ng skin and _theeffects
of external flap hinges. . .

.

SYMBOLS

Cz section lift coefficient . .,”.

czm~ maximum section lift coefficient

Aczu increment of maximum section lift coefficient

cd Section drag c“oe”fficient,

=0. J section anile of attack .

%CA . sectton pitching-motnsntcoefficient .
.

Crf SOCtiOn flap resultant force coefficient

. .

.. .

0 angle between resultant force vector snd flap
reference line

. .. -. . . .. ,’
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d+J321 3

distance from flap nose to intersectlpn of flap
reference Ilns and resultant force %ctor in
Vercent of flap-”chord . .

r)pressure ooeffloiemt, defined as- .* ‘I. . q~.”
free-stream total preimrre . .

10081 pressure on tha Flap surfme

free-stream dynaml.cpressure. ...
chord of airfoil

Reynolds number

APPARATUS AND METHODS

The model usad in these ~ests was a ~-inch-chord
wooden model of the NACA 66(2i5)-116, a = 0.6 airfoil
with a 0.25c slotted flab. The flap was constructed
of’metal and was provided with flush pressure orifices
at various locations along the “upperand lower surfaces.
Two slot entry lips were used: ona sealed the slot on
the lower surface when the flap was retracted, the other
was cut o~f’flush with the inside surface of the slot.
During the remainder of this report, the slot entry
lip, which closed the slot on the lower surface, will
be referred to as the ‘*longf’slot entry lip and the
other as the l~short~~.slot entry lip, The end plates
of the flap were provided with four pivot positions and
two others were added during the tests. A photograph
of’the model is shown in figure 1 showing the long
slot entry lip in place and the flap at a deflection “. .
of 50° about pivot point “1. Ftgure 2 is a,sketch of
the main airfoil end Plap showing the locatl~of all
six pivot points. me long slot entry llp Is shown
in dotted lines. . Dimensions of’the flap nose shape are ,
also shown In figure 2. Ordinates of the plain alrfoll

. are given in table I. Locations of the pressure orlfzoes
on the flap qre glve~ in table 11,

Llft~ drag, pitching-moment, and pressure-
distrlbut~on data were obtained by the metho~s outlined

.,4-
.——. - . .. . ..—
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In reference 1. All force and moment data have been t‘.”‘-”’
~orrecbed for tunnel-mall eff’eotby.the use of the
following equation?: . . - -“ . ‘ “,..

..

Clm

cm = 1 ‘+2p(y + 0)

=0 = (1 + Y)afo

where

~fds C!* airfoil sect~on cceff’icientsmeasured
in tunnel

geometric angle of attack

.. factor dependent on alrfoll shape .

factor dependent on the ratio of airfoil
chord to tunnel height

factor allowln~ ~or interference of
model on t~el static-pressure orifices,
dependent on size and location of model

The values of the factors Ps Y~ and OS
respectively, for these tests were 0.522, 0.015, and 0.002.
Tests were conducted at Reynolds numbers of approximately
2.5 x 106 in the two-dlfiensonal low-turbulence tunnel .

t(designated LTT) and 6 x 10 in the two-dlm~nsion~l
low-turbulencemre.sauretunnel (designated TDT). The
hlghestiMach number for any of the tests was anproxi~
mately 0.140.

RESULTS AND DISCUSSION

At the outset o?’the tests the flow over the flap
at various ccmflgurations was lnwestigated with tufts.
These tests showed that when the long slot entry lip

4
1
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was in plaoe, the flow over the flap was stalled at - ~
““defleotlma greater than 20°. When the short lip was... .

Uaedj however, this atallhg did not occur. Due to
the faot that these adverse oondi.tlonsexisted no data
were obtained at flap deflections

f
reatir than 20° “ . .

using the lcmg entry”lip. ‘fNormal. operating con: ““
figurablons wIII be assmd to si~lfy that the long,.
slot entry lip is used up to and Including.a flap.de.fleo-
tlon of 20° and we short entry llp for deflections “~
.@boveZOo, The long slot entry lip represents a door “.” :

on th’6.lowersurface of the airplane wing which was of’
such a“shape as to olose the slot In:the retracted
oonflguratlon and either fold or sllde into the main ...“ “
portion of the wing mathi,ghdefleotl.ens, .,.

Figure 3 shows the “lifta ~ drag data obtslned at “
2a Reynolds number o#’ 2.5 x 10 . These tests were In

the nature of a orelim~nary survey. The results indi-”” -
cated that nlvot Point 4,would give the highest maximum
lift at a flaredef’lecttonof 500 and &e lowest drags
at a 15° deflection. ~lvot point 3 appeared to give
the lowestidrags at a 30° deflection through the
intermediate lift range? Therefore, since pivot
points 1 sad 2 did not show the best characteristics
for any of the d~slred conditions, they were elim’mated.
Pivot point 5, halfway between pivot points 3 and 4
was added at this time, amarently in an effort to
combine the advantages of pivot points 3 and 4. One
flap deflection about pivot pol.nt1 was.ussd later for
the Investigation of the effects of the Interior slot
falrin~ skin md the flap loads.. No pitching-moment
data were obtaln6d in thesetests.

..
“.R@ure.~ shovjsthe data obt&ed “ata Reynolds .;

number of 6 x 106 for the normal operating oonfl~a-
tlons. Mqrnentdata were obtained for pivot points 4
and 5 only. L1.ftand drag data for the lower deflec-
tions wI* the.short lip are shown in figtie 5.

A comparison of.the dmag”curves at the flap- .
retraoted configuration with the Ion

7
and with the

short slot entfiy.lips(.figs,4 and 5 shows that the
drag is somd~hdt lower with the long lip. ~ the “l.ow-
drag ran e the drag axffiqient with the long lip

%is 0.00Q lower t an with the short lip at a Reynolds
k~number .o~ ~ x 10., The Ilfts, however,.show.no.

. .. . . . . .

. ..— .—

:: .,.., ..: . . .
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improvement
. deflections

.. .. “m iich I.@l

due to the-use of “thelong lip at Iqw .
and,in fac~,.she”lower”in some ceaes..

.. .
An”examlnation of the moment-characteristics for

“ pivot points 4 and 5.in figures k(b) and 4(c) shows
f that the moments are Ih no cash excessive. At “the

lower deflections, both the lift and the moment curves
for the two pivob points agree fairly well. At
deflections above 300 about pivot point 5, however,
the flap effectiveness decreases aniithe moment cbarac-
teri.stiesare very nearly the same for all the higher
~lap deflections. For deflections about pivot point “4;
both the lift and the moment characteristics show
Increases with flap def’lectfdnup to the maximum. “

Detemninatlon of optimum ”confl
characterist~cd conslde red deslrab=~-w~-flap
combination were a him maxim”w lif’tat a high flap
deflection; reasonably high liYts wI* low drags at
8f = 30°; and a positlw lift coefficient with low
drag at a negative an~le of attack for a flap deflection
of 150. It was not considered necessary to use a single
flap ptvot poSi*lon. . .

.

Figure 6 shows the variation in the Increment of
section maximum lift coefficient with flap deflection
abou”tseveral pivot points at both Reynolds numbers.
Pivot point 4 gives the highest values of maximum
lift coefficient at both Reynolds numbers. For a
flap deflection of 55° about pivot point ~, the maximum
lift c efficient was 2.70 at a Remolds number of

z6 x1O . . “ ..

“In figure 7 llft and drag characteristics at the
higher lift coefficients are plotted for a flap
deflection of 50° about various pivot points. The
values of the drag coefficient ob”tainedat this”flap
deflection above a lift coefficient.of about 1.3 were
not accurate and so are not included. This figure
indicates that the drag coef~ioients at the higher
llft coefficients would probably.be lowest for pivot
poin”t3. mere is very little.dlf~erence in the lift

.. characteristics for the various pivot potnts...

A section”lift coefficient’of,O.18wasasbpmed ...
“ as a reasonable nolnt $or the comparison of the various

configurations at the 150 flapmdeflection, u ft
curves are shown in ftgure 4(c) for the slot both sealed

.-



..,.

MR Nmo, L@21
. .

(but..not,smoothly.fs#.red) and unsealed at a flap deflec-
tion ot’15° about plvct’point’5. ‘Acomparison.of these
two curves shows that sealing the slot moves the lift
curve upward in the range uqeful for th$s flying attitude
and”so glve”sthe necessary lift coe flciant at a higher
negative angle of attack. [Figures (b) and 5(b) show
drag polara for a flap deflection of 15° ab~t ptvot
point 4 with both the long and the short qlot entry
lzp. Using the long slot entryllp gives a drag coef=
flclent that Is 0.0003 lower than that with short slot
entry hp. Completely sealing the slot entry by an..
extension of the’slot co~rlng ~oor to provide a smooth
contour might make even lower drag coeffi~ients possibl-e.

,,

The following table gives values of the drag coef-
ficient and angle of attack at.a lift coefficient of 0.18
for a flap deflection of 15° at a Reynolds number of
6 X“106° “‘l%ese data are nresented.for various Divot

7

posittons.

Pivot Configuration cl cd Figure
{dtg)

3 Short ltp 0.18 0.0088 -4: 5(a)

{

--------do------- .18 .C062 -5$ 5(b)

4
Long lip .13 .0059 -5; 4(b)

{

Long 11P (open) .18 -“---- “5 4(C)
5

Long lip (sealed) .18 .0065. +$ 4(C)

6“ ----=--do .-T---- .18 ------ .6$ 10

l?Womthese values it is-obserwd that nivot
noint 4 combined with the long slot entry lip would
give the lowest drag coefficient at a fairly high
negative angle of attaqk. When the.flap is pivoted
at this”.pointits path is such that Its “upnbrs-arface
remains in contact with the unper slot lip at all
deflections up to 20°. The smooth contour that this
affords may aooount for the lower drag. Thus, for the “
15° flap deflection, pivot polnf 4 would give the “
lowestidrag coefficient.at a lii’tcoefficient of 0.18

.. . .- ..... . ,. ..

.
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while pfvot point 6 would give the dpslred lift”coef-
ficient at the highest negative angle of attack;

- It was desired to obtain data on the
f’lap_;estgn purpoees. The ”configurationstested
were not the optimum for each of “thedesired flight
attitudes but it was assumed that the’data obtained .
would provide indications of the loads to be expected
at the better configurations. Pivot point 6 was added
at this time, shoe it was expected to yrotidb better
characteristic? for”the 15° flap deflection. Time
was not available,however,for more complete tests of
the flap pivoted at th~s point- . .

Pressure-distributiondata are
liresentedin ‘table 111 for flap deflections of’35 about pivot

‘noint 6, 30° about pivot point 1, and 50° about pivot N .
point 4. Data were obtained with the slo.~.completely
sealed and fai.nedon the lower surface for the 15°
flap deflection and completely open with the.hhort
slot entry lip at the other two configurations. ~b ;
pressure distributions are nresented in terms of the .
pressure coefficient S.. The data for the 30° and ‘
50° deflections were obtained at a -Reynoldsnumber..df
2.5 x 106 and the data for th6.15° defl ction were’ .
obtained at a Reynolds number of 6 XIO~.

,
Resultant force coefficient vectors are shown in

figure 8. .The resultant.forcecoefficients are plotmd. ” .
against section lift coefficient in figure 9 and secliion
lift coefficients are plo,ttedasainst section angle uf
attaclgin fiRure 10. Values of the resultant force
coefficients, their.points of intqrsecti,on;”and angles “
of incidence with the.flap reference line arp listed . --
in table IV. The flap reference-line aoincides with
the chord line of the undisturbed airfoil, The
resultant force ooefflcients were obtained from integra-“
tibns of the pressure ouefficients plotted against thsir
positions on lines parallel and perpendicular to the
flap reference line.

Data from table IV for the f’iapdeflection.of 150.,
when plotted show that between the angles of attack “
of -80 end -@ the flow separates from the rear portion
of the upper surface and the pressure peak near the
leading edge drops abruptly. This explains the sudden
change in position and direction of the resultant.
force vectors between these angles of attack.
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Between:.OOand 1°, this flap stall becomes almost .
complete ca.usingthe sharp drop In the resultant force

,,.-,.. coefficient.and.the break in tbe Qf t cnn?ve.. . .

Effect of removi~ the i.nter!orslot fairlng skin.-
These tests wer6 Fun d “1nvestiga”tethe effeot of
elimlnatltigthe skin on the lns~de surface of the slot.
The model was modified for these tests as shown In the
sketoh of figure 11.

FZgure 12 shows section characteristics of the models
both before and after the modiftcatlons, were made to
the slot falring. Data are uresented for the flap
retraoted, deflacted ~0° about pivot point 1, and
deflected 50° about pivot point 4. These data were
obtained at a ~e~olds n~ber of 6 X 106. I .

There is but sllght di~ference between the lift
characteristics of the model with the slot skin removed
and in the original conflitlon. The only adverse effects
on lift due to the removal of tie skin are a slight’
decrease in maximum llft with the flap retracted and at
the 500 deflection. An increase In the maximum lift
at the 30° deflection and in the lift coefflci.entsat
the lower angles of attack at the 50° deflection were
noted.

In the flap retracted confi.~ration, removal of
the slot skin increased the drag at all but the higher
positive lift coefficients. Above a lift coefficient
of about 0.6, there was a sllght decrease in the drag
coefficient when the slot falring skin was removed. .
The Snmease in the minimum drag coefficient amounts
to shout 0.0002. . ~om this standpoint I.tmight be
considered advisabLe.to ratain the slot f’airingskin.
If the slot covering door is.used In the flap-
retracted configuration, however, this drag increment
would not be exnerlenced, At-the 30° det’leotf.onthe

. drags were.lower throughout the entire range of lift
coeffiolents tested when the skin .wasremoved.

The pitching-moment coef’flclentsdo not ohange
appreolably with the slot configuration. It should
be noted that the pltchingaoment ourve for the orzgtnal
condition
long slot
are given

with ~he-flap retracted is given for the –
entry lip configuration. All the other curves

for the short lip ooni’lg@ation,
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Drag Increment due to extezmal flap hinges.-
sDEUIW~Sedrag survess are shown flgure lj fqr the
model both.with @ without external flap hinges. A -
sketoh of the hinges is also.shown on the figure. me
small waves in the curves are probably due to the
spanwise flow In the s~ot, tie”waves were not eliminated,
however, when thin chordwlse dams were placed In the slot....
The additional drag coefficient cawed by one hinge
amounts to 0.0002 when based on an
atrfoil chord squared.

g~NCLUSIONS
b.

area equal to the

.

Tests’were conducted in the Langley two-dimensional
low-turbulence ttmnels on a 2@n.ch-chord. model of the
NACA 66(215)-116, a = 0.6 airfoil equipped with a
0.250 slotted flap. The results obtained provided the
following conclusions: . .

1. Covering the slot entry with a flush door @ve
minimum drag coefficients-lower tkum the no-door con-
figuration by 0.0006 at a Reynolds number of6.O x 106
with the flap retracted.

“2. The h?ghest maximum llf’tcoeffic~.entmeasured
was 2.70 and was obtained with a flap de~lection of
55° about pivot Point 40 .

3. The results indicatgd that the lowest drag at
high lift coefficients for the 30° flap deflection would
be obtatied with pivot point 3. .

4. At a -flapdeflection of 15°, pivot point 4
appeared to give the lowest drag at a lift coefficient
of 0.18 while pivot point 6 “gavethis lift coefficient
at the highest negative angle of attack.. .

5. Few adverse effects were inctied as a result
of r6moting the interior slot fairlng skin prodded the
slot is covered by a door on the lower surface when
the flap is retraoted.

,-

.
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6. ‘me external flap hinges
in the dra~ coefficient based on

. 11..

tested gave an inurement
ag area equal to the .

airfoil oh&d squared of 0.0002 for one hinge.

Langley Memorial”Aeronautical Laboratory
National Advisory Committee for Aeronautics

~ngley Field, Va., November 21, 194.4
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TABLE I

Ordinatesfor NACA 66(215)-116,a = 0.6 Airfoil
(Stationsand ordinatesIn percentof chord)

Upper Surface Lower Surface
Station Ordinate Station ‘ Ordinate

o

Ho. 3
0. 7

~o.oli

z
5.037
0.070
65.096
-70.099

J
5.091
0● 074
85.053
90.030.
95.011
100

‘~.65
30. 22

1.330
;● :;2

7;608
10.110
15.106
20.0 7

825.0 4
30.069

$
5.051
0.032
45● 011
${.;:;

i? 4
:930
● 90

6 .901
?7 .909

Z?4
.926
997

8.90
l??l/&9 9

0
-1● 150

21
-1. 0

:2:2
0?
?

-3* =’

?
- .726
.281 .

:5.154
- .82
21- ●34
-6.738
-7.009
-7.18~
~;.g;

~5-:08
- ●737
-6.203
- :4;9
?
?3‘3. 7

‘-2.451
-1.411
-:.514

NATIONALADVISORY
~ COMMITTEEFORAERONAUTIOS

TABIX II

Locationsof Flap Pressure orifices
(Stations given in peroentof flap chord)

Surfaoe
Statlm

3.2
10.2
20.8 .
32.4

Lo-r
!FuboNo.

1

Surface
Station



TABLE III,

PreeaureDistrlbutiona NATIONALADVI$URY
CdMMiTTEEFORAERONAUTICS

Pressure coefficient“Sa for tube nos.:

Up;er
dig 2 3 J.i567’b!er 234 56

(Lf = 15°; pivotpoint6; clotsealedon lowersurfaoe

&:~~I.~78 10~8010j801s~721*136 “984:;$ :~~:f~’:;9$ :;6i :;~ :%

le 07 16 03 1. 08 1. 51 1.167 1.010
- 8.12 1.717 1.717 1.719 1.451 1.212 l.ol@
- ~.06 1.369 1.32

●929 ●70~ .117 .?~ ;& .~~ .852
1.375 1.325 1.2b8 1.205 1.161 .52 . 92 .7 ● 15

1.305 1.3 1.311 1.275 1.225 1.20
t
1.199 .3 4 .655 .723 .723 :728 . 3

1.02 1.232 1.232 1.237 1.221 1.20

i
i

1.19 2 il1.205 .37 .695 .750 ,751 .762 . 9
;:$ :::5

3
1,253 1.2

3Z
1.225 1.19

2

1.202 1.209 .335
1.259 1.2

●665 .~~ .~31 .741 :3
1.220 1.202 1.203 1.209 .3 2 .631 . 7 . 02 .72

12.18 1.2 6 1.291 1.302 1.242 1.23
10 lt ~:2$t ~:2~i .;7 .615 .681.692 ●721 :8$

.2 8 .614 .6 0 . 87 .71
16.24 1. 74 1.379 1. 68 1.31

8 i20.30 1. 02 1.792 1, 08 1.91t 1.$931.2491.313.275.769 .%7 9901.93’71.170

&f =30°; pivotpoint1; shortslotentrylip

-12.18 1.4~6 1.80
8

2,700 2.11
ii

1. 76 1.262 1.181 .161 .232 .357 0468
-7.10 L?: 1.96

8
3.151 2.53

.~48 ;~$
1. 91 1.296 1.1 5 .062 .224 .331 .429 . 92

- 2.0
{

1.925 3.113 2.355 1.59
3.0 1.921 1.992 2.750 1.950 1.51i ::gk ::d~ :8 ::; ::$, :g ;g~ :6 ~
6.09 1.9L2 2.129 2.992 2.308 1.540 1.218 1.05 .

5‘af = 50°;pivotpoint~; shortslot.ent~ lip

-1001
ilk

1. 58 2.673 “1.
??

o 1.500 1.468 1.470 1047
-5.0 1. 65 3,.052 2. 8 1. 00 1.448 1.458 10k5

1
b :%! ::$ :!$! :;:! :x; :5 T

1002 1.863 3.052 2.581 1 60 1.4o3 1.405 1J+15 .635 .OdI .087 .185 .290
-3.04 1.92

?
3.032 2,573 1.43

6,09 1.96 3.’018 2.556 1.43 3 M4 M; ::$g :;gi ::$ :%; :MJ :%i :% $
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a deg c1 or
f e deg

-10.1
3 Q

1.1

?
&

101056 f
<0.0 1: 1*2

t
10401 f

- .02 1.537 1*352

2

10305 ~
● 04 1.95’7 1*359
●“9 2.307

10 024r
1.396 310 040t

0 = angle between flap reference llne
fome vector

X9

41.65
40.60
39b38

i
8.73
0.05

and resultant

x? = diatanoefrcm nose to intersection of flap reference
llne and resultantforoe vector in peroent of flap
ohomi



Figure1.-
A

NACA 66 215)-116,a = 0.6 airfoilwitha O.25-chordslottedflap.
Flapdeflected50 alxmtpivotpoint1:longentrylipcotiiguratio~



All dimmslons are given in fractions of
the plain wing chord.

0“50--7

Dtienslons of flap noee -hap.

Figuro 2.- NACA 66(215).116,a = 0.6 alrfoll rlth a 0.25-ohord slottod
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